On the example of stationary states of a system consisting of an atom and a quantized electromagnetic field (the Jaynes-Cummings model in free space), it is shown that the physical characteristics of the system (as the energy and the probability distribution of finding the center of mass of the atom) explicitly depend on the choice of the basis of quantization of the electromagnetic field. Therefore, the secondary quantization procedure is not independent of the choice of the quantization basis in the interaction of the field with the material medium.
INTRODUCTION
Second quantization or occupation number representation emerges from energy consideration of the free field and is regarded as basis independent. This means that at any choice of basis modes the field energy is presented in the diagonal form. In such a way it becomes possible to introduce the operators of creation and annihilation obeying certain commutation relations [1] . But, as shown in the next paragraph, another important quantity, the momentum of the field, does not necessarily have this property of basic independence: The diagonal form is obtained only by choosing the basis of the traveling waves. This is somewhat strange situation, but in itself has no internal contradiction or drawback. The quantum theory for such situation suggests introducing into consideration the measurement process.
That is, it requires turning to the interaction, the quantities that can be measured in the experiment.
In this article, the problem is considered for a fundamental model in quantum optics, a twolevel atom in the monochromatic field of electromagnetic radiation. It give the opportunity to present the physical content of the problem in a simple mathematical modeling.
The article is organized as follows. In Sec. II, we briefly repeat the conventional approach [2] of representing the electromagnetic field by modes. However, restricting ourselves to the onedimensional case, we choose two possible modes in the form of an arbitrary superposition of traveling waves. Then, on this basis, we derive the expressions of the energy and momentum of the electromagnetic wave. It is shown that in the general case, in contrast to the expression for the field energy, the expression of the field momentum has a non-diagonal part. Further, in Sec. III, we introduce the boson operators of annihilation and creation, attributing them to the accepted bases of the general form. Based on this, we write down the expression of the potential energy of interaction of a quantized field with a two-level atom in a free space and compose the corresponding Hamiltonian 
Having expressions of electric and magnetic fields, we proceed to the expressions of energy
and the momentum
of the field, were   z,t S is the Pointing vector. The corresponding substitutions and some algebra lead to 
respectively. As expected, they are commutative.
The electric field intensity of the monochromatic wave appears as We also add the Hamiltonian of the atom, including there the internal two-level state and the translational motion of the center of mass:
Thus we come to the expressions of the Hamiltonian and momentum for the complete "two level atom+quantized field" system:
where
Two more operators describing the states of the system are known [3] : the operator of the number of excitations
5 and the combined operator 33ˆê xp exp
These four operators, Ĥ , P , N and T , constitute a complete set of mutually commutative operators that determine the nondegenerate states of the system under consideration, which has four degrees of freedom: the translational and internal degrees of freedom of the atom and two modes of the quantized field.
IV. DERIVATION OF EQUATIONS FOR STATIONARY STATES
An important feature of our quantum model is that it is in free from material bodies (mirrors) space. It is actually an extended version of the well-known Jaynes-Cummings model [4, 2] .
We are looking for state vectors that are simultaneously eigenvectors of all four of the above mentioned operators. Note that since all four operators are independent of time, their non-degenerate eigenstates will also be stationary states. They can be written in the following general form:
where the column factors represent the atomic state alternately on the lower and upper energy levels. The 
The upper signs correspond to the first indexes, the lower-to the second indexes of the sought functions.
In the case of the basis of traveling waves, the system (23а,b) is easily solved. The energy spectrum has two branches and is given by the formula
On both branches, the probability amplitudes are given by expressions 
which for the related function
Eq. (26) is an equation with periodic coefficients, a Hill-type equation, and according to the Floquet-Bloch theory the eigenvalue spectrum (the energy spectrum) has a band structure.
Neglecting the term with a small coefficient 2  in Eq. (26), we arrive at Mathieu's equation [5] with two linearly independent solutions 2 0,0 0 
For the basis of standing waves, the density (27) periodically changes in space, while in the case of the basis of traveling waves does not change at all.
VI. CONCLUSIONS
Describing the electromagnetic field and its interaction with the medium, we usually decompose it on a certain basis. In classical field theory, the experimentally measurable quantities does not depend on the choice of basis. This, in particular, applies to the bases of traveling waves and standing waves, which directly follows from the equivalence of Fourier expansions performed on these basis functions. This freedom of choice of the bases, as it seems to us, by inertia, is also attributed to the theory of the second quantization, of course, under the same external (boundary) conditions. The different boundary conditions by the bases of the traveling wave and the standing wave really create differences between the measured values of the system [6, 3] .
Present approach considers boundary constraints, namely, the interaction with mirrors of an optical resonator [6] , merely as a type of interaction. It follows from this a generalization that any interaction, for example with a two-level atom, should eliminate the equivalence of quantization bases inherent in free quantum fields. To test this idea, we chose the well-known model of James-Cummings, having considered it in free space. Arbitrary superposition of traveling waves is chosen as a basis for secondary quantization.
Two "most different bases", the basis of traveling waves and the basis of standing waves, reveal fundamentally different results for the energy spectrum of the system and for the spatial distribution of the c.m. of the atom. The system has only two possible values of energy for a given momentum " p " and a homogeneous distribution of the detection probability of the atom in the space in the case of the basis of traveling waves, but the band structure of energies and a periodic spatial distribution of c.m. of atom in the case of basis of standing waves. All this leads us to the conclusion that the secondary quantization of the electromagnetic field in quantum optics is not a uniquely defined procedure. A reasonable way out of the situation can be the transition to the operators of the creation and annihilation of the photon on the basis of traveling waves, in accordance with the original ideas of Einstein and de Broglie.
Note that the first results on the discrepancy (in the time evolution of atom+quantized field system
